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SECTION  I 


INTRODUCTION 


The  objective  of  this  study  was  to  examine  the  low-molecular-weight 
by-products  resulting  from  the  deflagration  of  the  triaminoguanidine 
nitrate  (TAGN)-based  gun  propellant,  Rocketdyne's  RGP-150.  For  comparative 
purposes,  several  standard  propellant  formulations  not  employing  TAGN  were 
also  examined. 

RGP-150  propellant  is  unique  in  that  it  contains  TAGN  as  the  major 
component.  Incorporation  of  this  compound  into  a nitrocellulose  (NC)- 
cyclotetramethylenetetranitramine  (HMX)-base  results  in  reduced  flame 
temperature  and  higher  mass  impetus  (Reference  1).  Propellant  formulations 
using  TAGN  have  recently  been  proposed  for  use  in  weapon  systems  employing 
high  density,  armor-piercing  penetrators,  such  as  the  depleted  uranium 
projectile  used  in  the  GAU-8  gun. 

Recent  toxicity  studies  have  shown  that  several  currently  used 
propellant  constituents,  namely  HMX  and  cyclotrimethylenetrinitramine  (RDXj, 
are  potentially  hazardous  if  inhaled  or  ingested  (Reference  2).  Exposure 
hazards  are  particularly  evident  during  the  manufacture  and  demi 1 i tari za- 
tion  of  these  substances.  Presently,  no  information  is  available  to 
adequately  assess  the  environmental  impact  of  TAGN.  It  is  for  this  reason 
that  TAGN  and  all  propellants  employing  this  substance  have  been  under 
investigation  by  the  Air  Force  Armament  Laboratory  (AFATL)  and  the 
Aerospace  Medical  Research  Laboratory  (AMRL),  Uright-Patterson  Air  Force 
Base,  Ohio. 

In  keeping  with  the  Air  Force  Armament  Laboratory's  envi ronmental 
protection  policy,  this  study  was  necessary  in  order  to: 

1.  Determine  accurately  the  composition  and  quantity  of  the 
by-products  generated  from  the  deflagration  of  TAGN-based  propellants. 

2.  Investigate  the  potential  hazards  to  personnel  routinely 
exposed  to  these  by-products  during  testing  and  actual  firing  conditions. 

3.  Examine  whether  open-air  burning  constitutes  an  environmentally 
safe  method  for  the  disposal  of  obsolete  munitions  which  contain  this  type 
of  propellant. 
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SLCTION  II 


MATERIALS  AND  METHODS 


PROPELLANTS 


The  principal  propellant  under  examination  in  this  study  was  Rocket- 
dyne's  RGP-150.  In  addition,  the  following  four  NC-based  propellants  were 
studied  for  comparative  purposes:  Hercules'  GAU-8  Extract,  M- 10,  WC-870, 

and  triple  Base.  These  latter  four  propellants  are  standard  formulations 
which  contain  no  TAGN.  The  composition  of  these  propellants  is  presented 
i n Table  1 . 


ATMOSPHERIC-PRESSURE  DEFLAGRA! ION 

Low-pressure  propellant  burning  was  accomplished  in  a Parr  Adiabatic 
Calorimeter  employing  a No.  1104  high-pressure  bomb.  The  propellant 
(approximately  0.2  - 0.5  g)  was  ignited  under  air  at  one  atmosphere  pressure 
by  a No.  45L10  fuze  wire  (2.3  cal/crn). 


HIGH-PRESSURE  DEFLAGRATION 

Propellant  samples  were  burned  in  a Technoproducts  Model  601  Impulse 
omb  employing  a 5-cubic-inch  stainless  steel  cylinder  with  hostelloy  head 
and  liner  (Reference  3).  Ignition  was  accomplished  with  a M52-A3  electric 
cannon  primer.  Sample  pressures  were  measured  with  a Kisstler  607C3 
pressure  transducer  and  were  displayed  on  a standard  cathode-ray  tube  for 
t in tographic  duplication. 


a ANALYSES 

11 1 gaseous  samples  were  collected  in  pre-evacuated  (10~^  Torr)  stain- 
less steel  sample  cylinders  with  an  internal  volume  of  360  ml.  Connection 
of  cylinders  to  the  gas  chromatograph  was  accomplished  through  Nupro  stain- 
less steel  4MSW  valves. 

Gas  analyses  were  carried  out.  with  a Hewl ett-Packard  Model  5700 
Cryogerii  Gas  Chromatograph  with  thermal  conductivity  detector.  The 
detector  temperature  and  current  were  250°C  and  125  mi  Hi  amperes, 
respectively.  A stainless  steel  column,  10  feet  by  1/4  inch,  containing 
1 00  - 120  mesh  Porapak  Q was  employed.  The  carrier  gas  was  ultra-pure 
helium,  and  the  flow  rate  was  40  ml/min  at  50  psi.  Initial  column  tenpera- 
vas  -lOO'-’C  and  was  maintained  for  4 minutes  following  injection.  The 
.in n was  then  Drograiitned  at  i°C/mi:,ute  to  a maximum  temperature  of  200°C. 
iii  temperature  was  held  few  minutes  to  insure  complete  passage  of 


sample  through  the  column  packing  material.  Peak  integration  was  accom- 
plished with  either  a Hewlett-Packard  3370  or  3380  Llectronic  Integrator. 


TABLE  1.  FORMULATIONS 
Propel lant 

Hercules'  GAU-8  Lxtract 

Rocket dyne ' s RHP- 150 
M-  10 

Triple  Base 
WC-870 

‘Among  production  hatches, 
constituent  percentages. 


OF  THE  VARIOUS  PROPELLANTS  USED  IN  THIS  STUDY 


Chemical  Composition 

‘Percent  of  Total 

nitrocellulose  INC) 

82. 

. 30 

nitroglycerine  (NG) 

0, 

. 37 

d ilmty 1 phthal ate  ( PBP) 

4 

.17 

diphenyl  amine  fllPA) 

0 

.54 

potassium  nitrate  (K.NO^) 

0, 

. 5 b 

llercote  (C.  J4  , ilg_  0 j . s 3 S > 

5 

.Ob 

nitrocellulose  (NC) 

19 

.00 

t riaminoguanidine  nitrate  (TAGNI 

45 

,00 

eye  lotetramcthylcnctetrani  t ramme 

(MMX) 

50 

, 00 

isodecyl  pelargonate  (II'P) 

5 

,00 

resorcinol 

1 

.00 

nitrocellulose  (N'C) 

97 

,40 

dipheny lamine  fl)PA) 

1 

,90 

graphite  glace 

0 

,10 

carhon  hlack 

0 

.50 

potassium  sulfate  (k-,SO.) 

1 

.00 

nitrocel  lulose  (N'C  ) 

28 

,04 

nitroglycerine  (NG) 

20 

,12 

ethy Ice  1 lulose  (I.C  1 

1 

,00 

potassium  sulfate  f k-,  SO  » ) 
n i t roguan i dine  (NQ) 

0 

. 25 

50 

. 59 

nitrocellulose  (N'C) 

80 

,23 

nitroglycerine  (NG) 

9 

Ob 

diphenylamine  (I'PA) 

1 

,0b 

potassium  nitrate  (KNO.) 

II 

, 50 

dihutvlphthalate  f PBP i 

- 

, 38 

potassium  sulfate  ( K ->SO  } ) 

1) 

. 38 

dinitrotoluene  (PNT) 

0 

C 1 

calcium  carbonate  (CaCO-) 

0 

,05 

sodium  sulfate  P i .So  )' 
graphite 

0 

.12 

0 

.10 

it  is  common  to  have  minor  variations  in 


3 


SECTION  III 


RESULTS  AND  DISCUSSION 


Deflagration  of  propellants  results  in  the  release  of  numerous  gaseous 
by-products.  The  types  and  quantities  of  gases  produced  are  dependent  upon 
(1)  tne  ingredients  comprising  each  propellant  mixture  and  (2)  the  condi- 
tions prevailing  during  actual  burning,  such  as  temperature,  pressure,  and 
the  availability  of  atmospheric  oxygen. 

The  by-products  generated  from  the  deflagration  of  Rocketdyne's  RGP-150 
propellant  are  described  under  varying  pressure  conditions.  A comparison 
of  these  results  was  made  to  those  obtained  from  the  burning  of  standard 
NC-based  propellants  containing  no  TAGN. 

In  this  study  each  propellant  was  deflagrated  at  three  different 
pressures.  High-pressure  burns  (approximately  12,000  psi  and  28,000  psi) 
were  conducted  in  an  impulse  chamber  which  approximated  conditions  en- 
countered during  firing  of  an  actual  weapon.  Atmospheric  deflagrations 
(one  atmosphere  pressure)  were  performed  under  laboratory  conditions 
simulating  open-air  burning.  It  was  anticipated  that  this  latter  procedure 
would  provide  information  concerning  product  formation  during  the  burning 
of  munitions  as  a means  of  demi 1 i tarization. 

The  results  of  tnis  study  are  given  in  Table  2.  Each  value  in  this 
table  is  the  average  of  duplicate  sample  determi nations . 

High-pressure  deflagration  of  all  five  propellants  resulted  in  the 
abundant  formation  (up  to  61  percent.)  of  carbon  monoxide  (CO).  This  sub- 
stance is  a colorless,  odorless  gas  which  is  formed  during  the  incomplete 
combustion  of  carbonaceous  materials  in  the  absence  of  adequate  oxygen. 
Carbon  monoxide  competes  with  molecular  oxygen  for  active  sites  on  the 
f'Mitoglobin  molecules  in  the  blood,  and  if  present  in  significant  concentra- 
tions, it  can  be  highly  toxic.  Concentrations  of  4,000  ppm  or  more  for 
P nods  of  ’ess  than  cue  hour  cun  prove  lethal  (Reference  4),  while  dis- 
comfort or  severe  distress  can  be  encountered  at  concentrations  as  low  as 
lUO  ppm.  Carbon  monoxide  should  be  considered  significantly  hazardous 
when  concentrations  of  30  ppm  are  attained  for  periods  up  to  8 hours  or 
more  (Reference  t). 

Methane  (CH4i  was  also  produced  in  appreciable  amounts  (up  to  10 
percent)  luring  deflagrati  r.  or  all  five  propellants  at  high  pressures. 

This  gas,  also  colorless  and  odorless,  is  toxic  at  a threshold  of  appioxi- 
mately  10,000  p (Re‘erence  61,  but  may  be  symptomatic  at  lower  concentra- 
tions. Hazardous  levels  may  -esult  in  respiratory  failure  and  eventual 
a phyxiation  f , res  twit  in  confined  areas  with  inadequate  ventilation. 


In  all  cases,  atmospheric  (low-pressure)  deflagration  resulted  in 
less  carbon  monoxide  production  (maximum  of  5.8  percent)  and  only  trace 
methane  formation  when  compared  to  high-pressure  burning.  These  reductions 
can  be  attributed  to  an  adequate  atmospheric  oxygen  supply,  thereby 
facilitating  more  complete  combustion  (oxidation)  of  propellant  ingredients. 

All  other  gases  detected  during  this  study,  with  the  exception  of 
nitrous  oxide  (N^O)  which  was  present  in  trace  amounts  in  one  sample  only, 
are  considered  relatively  harmless  to  animal  and  plant  life  and  should  be 
of  no  environmental  consequence. 

The  use  of  TAGN  as  a major  constituent  in  a NC-HMX-based  propellant 
had  little  influence  on  by-product  formation  when  compared  to  the  four 
standard  NC-based  propellants.  Qualitatively,  all  propellants  tested 
produced  identical  deflagration  by-products,  with  the  exception  of  Triple 
Base  which  produced  additionally  small  amounts  of  ethylene  (C2H4)  and 
nitrous  oxide  (NoO).  Quantitatively,  however,  considerable  variation  of 
by-product  formation  was  apparent.  As  an  example,  the  levels  of  both 
methane  ( C H 4 ) and  nitrogen  gas  (No)  were  generally  elevated  in  the 
RGP-150  samples,  while  carbon  dioxide  (CO2)  and  carbon  monoxide  (CO) 
production  were  somewhat  lowered.  This  increase  in  nitrogen  gas  (N2) 
formation  can  readily  be  explained  as  a consequence  of  the  higher  nitrogen 
content  of  RGP-150  due  to  tne  presence  of  TAGN.  In  a similar  manner, 
the  elevated  methane  (CH4)  levels  and  respective  decreases  in  carbon 
dioxide  ( C 0 2 ) and  carbon  monoxide  (CO)  formation  can  be  attributed  to  a 
lower  net  oxygen  content.  As  a general  rule,  therefore,  increased  nitrogen 
content  of  the  propellant  promotes  nitrogen  gas  (N?)  formation,  while 
limited  oxygen  availability  results  in  production  of  greater  quantities  of 
reduced  carbon  compounds  such  as  methane  (CH4)  and  proportionately  less 
amounts  of  the  oxidized  forms,  viz.,  carbon  dioxide  ( CO2 ) and  carbon 
monoxide  (CO). 
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SLCTION  IV 


CONCLUSIONS 


This  report  provides  a detailed  analysis  of  the  deflagration  products 
of  four  currently  used  and  one  proposed  Air  Force  propellant.  Two 
potentially  hazardous  gases--carbon  monoxide  (CO)  and  methane  (CFU)--have 
been  identified  under  conditions  resembling  those  encountered  during  normal 
test  and  evaluation  procedures.  Both  gases  should  be  considered  hazardous 
(1)  in  confined  areas  lacking  adequate  ventilation  such  that  dissipation 
to  permissible  levels  is  not  achieved,  or  (2)  wherever  relatively  chronic 
levels  are  attained  for  prolonged  periods,  thus  maximizing  the  dangers 
associated  with  long-term  intolerance  to  these  substances. 

Upon  burning,  Rocketdyne's  RGP-150  propellant  produced  the  same 
gaseous  by-products,  although  quantitatively  different,  as  did  the  four 
NC-based  propellants  tested.  The  use  of  TAGN  in  this  proposed  propellant 
did  not  significantly  alter  typical  by-product  formation  nor  did  it 
appreciably  increase  the  potential  hazards  associated  with  the  use  of 
propel  1 ants . 

Open-air  burning  in  restricted  areas  should  be  considered  an  environ- 
mentally safe  means  for  the  disposal  of  the  propellants  studied  for  this 
report  as  long  as  adequate  measures  are  taken  to  insure  the  safety  of 
personnel  in  the  immediate  area. 
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